Abstract-This paper investigates the effectiveness of a state of the art information retrieval (IR) system in the verse retrieval problem for Quranic text. The evaluation is based on manually indexed topics of the Quran that provides both the queries and the relevance judgments. Furthermore, the system is evaluated in both Malay and English environment. The performance of the system is measured based on the MAP, the precision at 1, 5 and 10, and the MRR scores. The results of the evaluation are promising, showing the IR system has many potential for the Quranic text retrieval.
INTRODUCTION
The success of many commercial information retrieval (IR) systems, such as Web search engines have led to the application of their techniques into many different domains. As a result, IR techniques have been developed significantly to adapt to the specific requirement in each domain. One of the challenging domains is the verse retrieval problem for the Quranic text.
The holy Quran [1] is a universal source of knowledge for mankind in general and for Muslims in particular. The Quran is the exact words of the God, delivered in Arabic. It has the answers to all queries about living in this world and beyond in which references can be found in the verse(s) of the Quran. It is clearly noted in Chapter 6 (Al-An'aam), verse 38, translated as follows:
"There is not an animal in the earth, nor a flying creature flying on two wings, but they are peoples like unto you. We have neglected nothing in the Book (of Our decrees). Then unto their Lord they will be gathered." Accordingly, the verse retrieval problem for Quranic text is defined as the problem of retrieving the relevant verses in the Quran for a particular topic. As such, it is an ideal problem for an IR system where the users will send the request as a query and the system will retrieve all relevant verses.
In addition, many Muslims cannot read Arabic and may be unable to obtain such knowledge directly from the Quran. Fortunately, the Quran has been translated into many languages such as English and Malay. As such, an IR system can be used to index the translated Quranic verses into the specific language so that the query can be submitted in that language.
Using IR, the problem of verse retrieval can be solved by matching the topic to verses e.g. [2] . However, the Quran verse retrieval has a different nature. The translated verses are usually concise and consist of unique words that are not usually used in day-to-day life. In order to relate the verses to a topic, the experts make elaboration that will relate the context of the query to the meanings of the verses.
The scope of this paper is to investigate the effectiveness of state of the art IR techniques for Quranic verse retrieval problem. The test collections were built based on manually indexed t o p i c s o f Q u r a n . In addition, a few standard performance measures used in IR researches are used and discussed in the context of the Quranic verse retrieval problem. Furthermore, the Terrier [3] , a state of the art IR system developed by the University of Glasgow, is used in the experiment to discover the effectiveness of the verse retrieval system. The rest of this paper is organized as follows. Section II presents a brief summary of the related work. Section III introduces the test collection for the Quranic verse retrieval used in the experiments. In Section IV, a few evaluation measures for IR are discussed. Section V analyzes the results from the experiments. Finally, Section VI summarizes the paper along with the future research goals.
II. RELATED WORK
IR systems have been applied to Arabic language in general and to Quranic retrieval problem in particular, mainly because Arabic is the original language of the Quran. Man y r esearches such as the KISS project at Sheffield University, AIR at Syracuse University [4] , and QARAB at DePaul University [5] produce systems that support both ad-hoc retrieval and question answering in Arabic language. The systems capabilities range from monolingual, multilingual, and cross-language.
In many cases, the non-Arabic speaking Muslims use translation in order to get the meaning of verses in the Quran. A Cross Lingual Information Retrieval (CLIR) system can be a suitable solution for this problem where the retrieval can be done in many languages [6] . The query can be in any language and the retrieved results (verses) will be in Arabic. As the Quran has been translated to many languages, a monolingual IR system may be an adequate solution to the problem of verse retrieval for non-Arabic speaking users.
There is a number of promising works for the retrieval of Malay translated Quran [7] . Visualization is incorporated in some systems to discover the similarities between root words in Malay translated Quranic documents [8] . These systems can be used to realize new resources from the selected domain (Quran). The new resources in turn can be used in the process of analyzing and understanding the specific domain or other related domains. On the other hand, the visualization systems are also used for Quranic text learning [9] or even to comprehend Arabic text in general [10] .
The Terrier [11] [12] is a state of the art search engine available as an open source from Glasgow University. It is a probabilistic based retrieval model with a number of sophisticated Divergences from Randomness (DFR) weighting model. It is based on the idea that the more divergence withindocument term-frequency (TF) from its frequency within the collection, the more information carried by word in the document [13] .
The search engine has demonstrated impressive performance in many retrieval evaluation forums such as Text Retrieval Conference (TREC) and Cross Language Evaluation Forum (CLEF). This paper focuses on the evaluation aspect of the Quranic verse retrieval problem that includes the construction of a new test collection as well as the interpretation of the existing IR evaluation measures with respect to the problem being investigated.
III. TEST COLLECTION FOR QURANIC VERSE RETRIEVAL
Existing Malay test collection based on the translated Quranic text ( [14] , [15] ) does not design for the verse retrieval experimental setup. The collection is mainly to facilitate typical retrieval experiment for Malay texts. There are only a few queries covering on common topics.
Since the goal of this paper is to investigate the effectiveness of a Quranic IR system in retrieving the relevant verses for a given topic, another test collection is designed for the purpose. This test collection is based on the collection of manually indexed topics of the Quran that is freely distributed in the internet. The author for this collection is unavailable but it is believed to be the compilation of indexed topics by Islamic scholars.
The original language of the topics is Indonesian. Since Malay language is very close to Indonesian, a simple translation is applied to those topics in order to produce a set of topics in Malay language. The topics cover many areas such as: knowledge, believe system, history of Islam, morale system in Islam and so on. As such, the topics will be used as the queries and those identified verses related to those topics are treated as the relevant verses for those queries. The number of queries for this collection is as depicted in Table 1 . Based on the observation, some of the queries only have a few relevant verses. In order to observe the effectiveness of an IR system different settings, those queries are categorized into a few categories as depicted in Table 1 . Based on that table, almost 20% of the queries consist of only one relevant verse and about 35% of them consist of between 2 to 5 relevant verses.
The IR system selected for this experiment, the Terrier, has been experimented extensively on English documents. Therefore, for the sake of comparison, the queries are also translated into English. For this purpose, the Google Translate tool is used to translate all Malay queries into English. As for the collection of verses, a Malay translated Quran and English translated Quran is used which each consist of 6,236 verses. The English translation is the Shakir [16] . In this evaluation, only Malay and English translated texts are used in indexing and retrieval anticipating that the query from the users will be based on these two languages.
The test collection is suitable for IR experiment. It consists of four components, the collection of documents (or verses of the Quran in this case), the collection of queries, the relevance judgments and the distinct words [17] . This test collection is converted to TREC format in order to run on Terrier system.
There are a number of assumptions related to this test collection. First, the topics and the relevant verses are correctly identified by the authors whom are assumed to be familiar with Quran as well as Malay language. Also, it is assumed that Google Translate will provide reliable translations from Malay to English.
IV. EVALUATION
In order for a Quranic IR system to be reliable, it should retrieve only the relevant verses to avoid misleading in the teaching of Islam. However, the IR system is still far from achieving such a target. As a compromise, the IR system should rank the relevant verses at the top in order to reduce the likelihood of choosing irrelevant verses for a particular topic assuming that users will choose the retrieved verses ranked at the top.
In this section, we will study the performance measures that are used to evaluate the effectiveness an IR system for Quranic verse retrieval problem.
A. Precision and Recall
Precision and recall are the most common measurements to evaluate the effectiveness of IR systems. According to [18] , relevancy of retrieved verses will be assumed to have its broader meaning of 'aboutness' and 'appropriateness'.
Precision is the fraction of retrieved verses that are relevant to the search while recall is the fraction of the verses that are relevant to the query that are successfully retrieved. Precision and recall are not suitable in evaluating Quranic verses retrieval since they are not sensitive to the ranking. As mentioned above, the aim of the verse retrieval is not only to retrieve the relevant verses but most importantly to rank them at the top.
B. Precision at 1, 5 and 10
Precision at 1 (P@1) is similar to the traditional precision with only one difference. Precision at 1 measures the precision only for the verse at the top rank. In other words, it measures the percentage of relevant verses found in the first rank.
Precision at 5 (P@5) is a similar measure while the precision will be calculated for the first 5 retrieved verses rather than the first verse only. The P@5 measure assumes that users may extend their search for the relevant verses to the first five verses. Thus, P@5 measure indicates the likelihood of finding the relevant verses at the top-5.
Precision at 10 (P@10) measure has another dimension. The focus of P@10 measure is on likelihood of finding the relevant verses in the first retrieval result page assuming that the IR system presents only 10 verses each page. All these measurements are suitable to the problem of Quranic verse retrieval since they are sensitive to the rank.
C. Mean Average Precision (MAP)
MAP is one of the most standard measures among TREC community. It is the mean of the average precision scores for each query. According to [19] , MAP can be calculated by taking the arithmetic mean of average precision values for individual information needs.
Where Q denotes the number of queries.
The average precision for each query, AveP(q), is calculated by taking the average of the precision at every relevant verse retrieved for that query. Since it is based on average precision, it is assumed that the user is interested in finding many relevant verses for each query. Also, MAP provides a succinct summary of ranking effectiveness used by the IR system. In this case, a higher MAP score indicates that the relevant verses are distributed at the top ranks.
D. Mean Reciprocal Rank (MRR)
MRR is a statistic for evaluating any process that produces a list of possible responses (verses) to a query, ordered by probability of correctness [20] . The reciprocal rank of a query response is the multiplicative inverse of the rank of the first correct answer. The mean reciprocal rank is the average of the reciprocal ranks of results for a sample of queries Q.
In this experiment, the MRR score will be able to indicate the average position of the first relevant verse in the ranking. A higher MRR score means that the first relevant verse is found somewhere at the top of the ranking.
V. RESULTS AND DISCUSSION
In the experiments, the Terrier IR system (version 3.0) is configured b a s e d o n i t s d e f a u l t s e t t i n g s . For t h e M a l a y translated Quran, the Terrier is configured to remove Malay stop words and to set the c parameter to its default value, 1.0. The collection is not stemmed as the Malay stemming algorithms have not been adopted into the system.
For the English translated Quran, the system is configured to remove stop words and also to apply stemming as provided by the Terrier by default. In addition, the c parameter is set to its default value. Therefore, there will be three IR system being evaluated; Malay, English and Stemmed English.
Additional experiments are conducted to discover the performance of the system in a pseudo-relevance feedback setting provided by the Terrier. In this case, the top retrieved verses are assumed to be relevant, and the terms found in those documents are used to expand the original query in order to retrieve more relevant verses. In the default setting, top 3 verses are assumed to be relevant and only top 10 terms from those documents are used as the expansion terms. Table 2 shows the results for all collections. The results indicate that Malay collection will produce the highest score in all evaluation measures. It outperforms English and Stemmed English with more than 115% and 68%, respectively, based on the MAP score. This observation indicates that the Google Translate is not that effective in translating the queries from Malay to English.
A
It can be easily observed that the percentage of answers found in the first rank (P@1) for Malay collection is 16% while this percentage is lower for both English collection (9%) and stemmed English collection (10%). The result indicates that the chance of finding the relevant verse at the top rank is higher for Malay as compared to English and Stemmed English.
If the window of finding the relevant verses is expanded to the top five retrieved verses as indicated in P@5 score, Malay is better than English and Stemmed English but in general lower than P@1. For (P@5), the percentage of answers found among the top 5 verses in Malay is 11% while it will be 6% and 7% for English and Stemmed English respectively.
However, further increase in the window size will produce lower scores. That applies for P@10 where the percentage of answers found among the top 10 verses. As shown in Table 2 , the percentage of answers found among the top 10 verses in Malay is about 9%. For English, it is 5% while for the stemmed collection it becomes 6%. The different in the P@5 and P@10 scores found in the table means that there are more irrelevant verses found between rank 6 to 10.
Based on the MAP score, Malay outperforms English and Stemmed English. The MAP score for Malay is 0.1189. For English, it is 0.0556 while it is slightly improved for Stemmed English which is 0.0712. Based on these scores, it can be said that the overall effectiveness of Malay is better than English and Stemmed English.
The MRR scores measures the performance of an IR system based on the rank position of the first relevant verse. A score of 1.0 means that the first relevant verse is at the first rank, and the score decreases as the rank of the verse increases. Based on Table 2 , the MRR for Malay is 0.2459, which indicates that the average rank of the first relevant verse is at rank 4.1. Similarly, the MRR score for English and Stemmed English are 0.1512 and 0.1677, respectively, which also means that the average rank for the first relevant verse is 6.6 and 6.0, respectively. Table 2 , it can be observed that the application of stemming algorithm for the English collection has led to the improvement in the retrieval performance.
Based on
The improvement is about 28% for the MAP score, 14% for the P@1 score, 14% for the P@5 score, 10% for the P@10 score and 11% for the MRR score. As such, the Stemmed English will be used for the subsequent experiments. Table 3 shows the performance of the Malay for different query categories. The Query1 is for those queries with only one relevant verse, the Query5 is for those queries with between 2 to 5 relevant verses and QueryMore is for those queries with more than 5 relevant verses. As for comparison, the QueryAll is also included which the average for all queries. It is obvious that Query1 and Query5 perform better than the overall average in MAP but show a decrease in performance in P@1, P@5, P@10 and MRR. On the other hand, the opposite pattern is observed for QueryMore. The MAP score is calculated at every retrieved relevant verse. As such, as the number of relevant verses for a query increases, the likelihood of them being retrieved is higher and may be distributed more at the lower ranks. Therefore, the MAP score will reduce as compared to Query1 and Query5.
B. Comparison of Query1, Query5 and QueryMore categories
Interestingly, QueryMore has a better percentage of relevant verses found at the first rank, which is about 18%. Similarly, the MRR score shows that the average rank of the first relevant verse for QueryMore is 3.4.
These two scores indicate that there is a higher chance to find the relevant verses at the first rank or as far as less than 4 th rank. A higher P@5 and P@10 scores are also observed. This pattern is attributed by the fact that QueryMore has more candidates of relevant verses as compared to Query1 and Query5 due to use more than 5 relevant verses. Nevertheless, Query1 and Query5 have a better MAP scores than the average, which indicate that their relevant verses are distributed at high ranks.
A similar pattern is observed for the Stemmed English 978-1-61284-353-7/11/$26.00 ©2011 IEEE collection as depicted in Table 4 where QueryMore outperforms the overall average (QueryAll), Query1 and Query5 for the P@1, P@5, P@10 and MRR scores and suffers a lower score for MAP. Based on the P@1 and MRR scores for the two collections, it can be observed that the IR system fails to retrieve the only relevant verse for Query1 at a desirable rank. 
C. Automatic Query Expansion using Pesudo Relevance Feedback
As an attempt to improve the results and retrieve more relevant verses, the queries are expanded by using pseudo relevance feedback (PRF). The query expansion mechanism extracts the most informative terms from the top ranked verses as the expanded query terms. The terms in the top ranked retrieved verses are weighted. The weighting models used are the ones provided by Terrier specifically in Divergence from Randomness (DFR) model which are the Bo1 (Bose-Einstein 1), Bo2 (Bose-Einstein 2) and KL (Kullback-Leibler) term weighting models. In this experiment, the Terrier is configured with the default setting, where the number of top verses selected is 3 and the number of expansion terms is 10. Based on the preliminary observation, the Bo1 performs the best among the three models, thus will be used for the following experiment. Table 5 shows the MAP scores for Malay query expansions based on pseudo relevance feedback (PRF). It is obvious that there is a negative improvement for Query1 as the result of applying the PRF, while Query5 and QueryMore enjoy a slight positive improvement for the MAP scores. Since Query1 has only one relevant verse, and the relevant verse is not at the top-3, then the PRF will not be able to retrieve more relevant verses. On the other hands, the PRF can help to retrieve more relevant verses for Query5 and QueryMore. In the case of the MRR scores, the PRF does not have major impact to the performance of the Malay collection as depicted in Table 6 . Accordingly, it can be summarize that the query expansion technique by using pseudo relevance feedback may improve the overall effectiveness of the IR system but may not be able to improve the rank for the first relevant verse in the ranking.
VI. CONCLUSION AND FUTURE WORK
The effectiveness of the state of the art IR techniques is investigated for the Quranic verse retrieval problem. In this investigation, test collections are developed based on manually indexed topics of Quran due to the fact that there are a limited number of resources to this extent on Malay translated verse. A few different evaluation measures suitable for this retrieval problem are discussed.
The results indicate that the Google Translate tool produces a slightly poor translation of Malay queries to English. Such a problem could be solved by using bilingual dictionary or corpus based Cross Lingual Information Retrieval ( CLIR) t e c h n i q u e . In a d d i t i o n , t h e s t e m m i n g algorithm applied to the English collection shows a better performance as compared to the non-stemmed collection. As such, a Malay stemming algorithm could be adopted into Terrier to produce better performance for Malay collection.
In general, the overall effectiveness of the IR system for the Quranic verse retrieval problem is considerably low where the highest MAP score is only 0.17. In the case of the percentage of retrieving relevant verse at the first rank, the highest score is only about 18%. However, on average, the first relevant verse can be found at rank 3.4. Furthermore, the pseudo relevance feedback technique has potential in improving the overall performance of the IR systems and without affecting the ranks.
In future, three methods will be employed to improve the performance of the system, namely to include a Malay stemming algorithm in the Terrier, to use bilingual dictionary and corpus based CLIR for English collection and most importantly to develop a better query expansion techniques rather than pseudo relevance feedback.
